A novel 2-indano[2,3b]-2-ferrocenyl-and 2-indano[2,3b]-2-(p-methoxyphenyl) [1, 5] benzo-2,5-dihydrothiazepine 5a,b (addition Michael/cyclization) (~30.32%), indano[2,3b]-2-ferrocenyl-and 2-(p-methoxyphenyl) [1, 4] benzothiazine 4a,b (addition "anti-Michael"/cyclization) (~45.43%), respectively, were obtained by the condensation of 2-ferrocenyl-and 2-(p-methoxyphenyl)methyliden-1,3-indandiones 1a,b with o-aminothiophenol 2 in the presence of AcOH and HCl. A new "anti-Michael" addition reaction of 1,4-bis-heteronucleophile 2 into 2-arylmethyliden-1,3-indandiones was reported.
Introduction
The common strategy for the construction of the 1,5-benzothiazepine moiety is the reaction of 1,3-diarylprop-2-enones with o-aminothiophenol or 1,3-difunctional three-carbon building blocks. Among them, α,β-unsaturated carbonyl compounds such as 1,2-enones and 1,2-ynones are best suited for Michael addition and subsequent cyclocondensation [1] . The various reported methodologies involve the use of inorganic supports such as alumina, silica gel, AcOH, trifluoroacetic acid, HCl, piperidine, BF 3 Et 2 O, etc. to improve the reaction efficiency [2] [3] [4] . Likewise, the related 1,5-benzothiazepines display a comparable spectrum of biological activity. The 1,5-benzothiazepine framework has been identified as a pluripotent pharmacophore with derivatives encompassing CNSacting agents [5] , anti-HIV [6] , anti-tuberculosis (TB) [7] , anticancer drugs [8] , antimicrobial [9] , calmodulin antagonists [4] , enzyme inhibitors [11] , antifungal [4] [10], antibacterial [12] , anti-inflammatory and analgesic agents [4] . Also, it is expected that new active benzo-1,5-thiazepines and other related derivatives could be used in the treatment of serious human diseases like Alzheimer's diabetes [4] .
Ferrocene compounds are known to possess many chemotherapeutic properties [13] . The incorporation of a ferrocenyl-substituent into a benzo-1,5-thiazepine molecule will expand the spectrum of valuable characteristics. Ferrocenyl- and structural characteristics [15] . However, The use of 2-ferrocenyl-methyliden-1,3-diones in the synthesis of polycyclic systems with seven-membered heterocycles, such as dihydro-1,5-benzothiazepines and 1,5-benzothiaze-pines, has not been described until now. Therefore, the synthesis of polycyclic ferrocenyl-1,5-benzothiazepines has received considerable attention.
As a continuation of our previous investigations [15] in this field, the present work examines the possibility of synthesizing tetracyclic ferrocenyldihydro-1,5-benzothiazepines starting from 2-ferrocenyl-and 2-anisylmethyliden-1,3-indandiones 1a,b and o-aminothiophenol 2 in the presence of acetic or hydrochloric acid.
Material and Methods

Chemistry
Solvents and reagents were purchased from Aldrich and used without further purification. Column chromatography was carried out on alumina (Brockmann activity III For general information, all experimental data, and copies of the NMR spectra and UV/Vis spectra, see the Supporting Information.
Condensation of 2-arylmethylidene-1,3-indandiones (1a,b) with 2-aminothiophenol (2). Tipical Procedure [16] . A mixture of the chalcones (2.5 mmol), 2-aminothiophenol (0.5 g, 4 mmol), AcOH (0.5 mL), HCl conc. (0.1 ml), Et 3 N (0.1 mL) in methanol (50 mL) was heated to reflux (~60˚C -65˚C) and stirred until complete dissolution of the enones 1a,b occurred (~6 -8 h). The organic layer was concentrated, and the residue was chromatographed on alu- 
X-Ray Analysis
Crystals of 4a and 5a were obtained by crystallization from dichloromethane; crystals of 6 were obtained by crystallization from chloroform. Data were obtained on an Oxford Diffraction Gemini Adiffractometer with a CCD area detector, and the CrystAlisPro and CrysAlis RED software packages were used for data collection and data integration [20] . The structures were solved using SHELXS-97 [21] and refined by full-matrix least-squares on F 2 with SHELXL-97.
[22] Weighted R factors, Rw, and all goodness-of-fit indicators, S, were based F2.
The observed criterion of (F 2 > 2σF 
Cytotoxicity Assay
The compounds were screened in vitro against human cancer cell lines HCT-15
(human colorectal adenocarcinoma), MCF-7 (human mammary adenocarcinoma), K562 (human chronic myelogenous leukemia), U251 (human glioblastoma), PC-3 (human prostatic adenocarcinoma), SKLU-1 (human lung adenocarcinoma). The cell lines were supplied by the National Cancer Institute (USA).
The human tumor cytotoxicity was determined using the protein-binding dye sulforhodamine B (SRB) in the microculture assay to measure the cell growth, as is described in the protocols established by the NCI [23] [24] . The cell lines were cultured in the RPMI-1640 medium supplemented with 10% fetal bovine serum, 2 mM L-glutamine, 10,000 units/ml penicillin G sodium, 10 µg/ml streptomycin sulfate, 25 µg/ml amphotericin B (Gibco) and 1% non-essential amino acids (Gibco). The cultures were maintained at 37˚C in a humidified 5% CO 2 atmosphere. As determined using trypan blue, the viability of the cells used in the experiments exceeded 95%.
The cells were removed from the tissue culture flasks by treatment with trypsin and diluted with fresh media. 100-ml cell suspension aliquots, containing 5000 -10,000 cells per well, were transferred into 96-well microtiter plates (Costar) and incubated at 37˚C for 24 h in a 5% CO 2 atmosphere.
Stock solutions of the test compounds initially dissolved in DMSO (20 mM)
were prepared and further diluted in the medium to produce the desired concentrations. 100-ml aliquots of the diluted solutions of the test compounds were added to each well. The cultures were exposed to the compound at concentrations 50 µM for 48 h. After the incubation period, the cells were fixed to a plastic substratum by the addition of 50 µl of cold 50% aqueous trichloroacetic acid.
The plates were incubated at 4˚C for 1 h, washed with tap H 2 O, and air-dried.
The cells fixed with trichloroacetic acid were stained by the addition of 0.4% SRB. Free SRB solution was removed by washing with 1% aqueous acetic acid.
The plates were air-dried, and the bound dye was solubilized by the addition of 100 µL of 10 Mm un buffered Tris base. The plates were placed on a shaker for 5 min prior to analysis. The optical densities were determined using a Ultra Microplated Reader (Elx 808: Bio-Tek Instruments, Inc., Winooski, VT, USA) at a test wavelength of 515 nm.
Results and Discussion
Chemistry
The [19] .
The structures of compounds 3a, b, 4a, b, 5a,b and 6 were isolated by column chromatography on alumina and established based on the data from IR and NMR spectroscopy, mass spectrometry and elemental analysis (see Experimental part). 13 C NMR) suggest that compound 4b represent also structure of anisyl-1,4-benzothiazine.
The spatial structure of 4a was elucidated by X-ray diffraction analysis of a single crystal obtained by crystallization from dichloromethane. The general view of the molecule 4a is shown in Figure 1 and the main geometrical parameters are given in Table 1 . Data from X-ray analysis proved the structure of 4a as indano[2,3b]-2-ferrocenylmethyl [1, 4] benzothiazines. Table 1 . Selected bond lengths and bond angles for compounds 4a, 5a and 6. ppm and multiplets for the eight protons of two o-C 6 H 4 groups. The data from 13 C NMR spectroscopy of this compound are in full accord with the proposed structure. And X-ray diffraction analysis was performed on a single crystal grown by crystallization from dichloromethane. The general view of the molecule 5a is shown in Figure 2 and the main geometrical parameters are given in Table 1 . Data from the X-ray analysis demonstrated that 5a is 2-indeno [2,3b]-2-ferrocenyl [1, 5] benzo-2,5-dihydrothiazepine.
The structures of 2-ferrocenyl-and 2-p-anisylbenzothiazoles 3a,b and indano[2,1-b:2,3-b]bis[ [1, 4] benzothiazine6 were also confirmed by 1 H and 13 C NMR spectroscopy, mass spectrometry, and data from literature [17] [18] [19] . These facts confirm the assumed structures.
The spatial structure of single crystals of indano[2,1-b:2,3-b]bis [1, 4] benzothiazine 6 prepared by crystallization from chloroform was determined by X-ray diffraction analysis (Figure 3) . The principal geometric parameters of this molecule with a "three-petal" system of fused two six-and one five-membered rings and a quaternary carbon atom C(1) are listed in Table 1 . The bond lengths C(1)-S(1) (1.8196Å), and C(1)-S(2) (1.8191 Å) are somewhat larger, and the N(1)-C(1)(1.277Å) and N(2)-C(1) (1.279 Å) bond lengths are somewhat shorter than the standard values [24] .
The results of this study indicate cyclocondensation reactions of 2-arylmethylidenindan-1,3-dione 1a,b with o-aminothiophenol2 and breakage of the Cα=Cβ multiple bond [28] in the initial 1a,b compounds subjected to the action of 1,4-bis-nucleophile 2. In this regard, these interactions can be viewed as a step 
Cytotoxicity of the Benzothiazepines
In this study, cytotoxicity assays of the four benzothiazepine compounds 4a,b and 5a,b ( Figure 4 ) were performed as described in the Experimental Section by using different cancer cell lines, including human glioblastoma (CNS U251), human prostatic adenocarcinoma (PC-3), human chronic myelogenous leukemia (K562), human colorectal adenocarcinoma (HCT-15), human mammary adenocarcinoma (MCF-7), and small cell lung cancer (SKLU) and the proteinbinding dye sulforhodamine B (SRB) assay in microculture to determine cell growth [24] . The initial cytotoxic screening data listen in Table 2 , show excellent activities specifically toward K-562, HCT-15, and SKLU-1 tumor cell lines. From those data, we observe good values of cell growth inhibition, 4b being the most active compound (Table 2) . The results of the cytotoxic screening demonstrate that the presence of the substituent ferrocene for compounds 4a,5a and anisole compounds 4b,5b, have the influence in the cytotoxic activity disappears, obtaining good activity for (K-562, HCT-15 and SKLU-1) tumor cell lines.
Conclusion
Reactions of 2-ferrocenyl-and 2-(p-methoxyphenyl) methylidenindandiones 
Supplementary Material
The crystallographic data for 4a, 5a and 6 have been deposited with the For general information, all experimental data and copies of the NMR spectra and UV/V are Spectra.
The 1H and 13C NMR spectra were recorded on a Unity Inova Varian spectrometer (300 and 75 MHz) for solutions in CDCl3 with Me4Si as the internal standard. The IR spectra were measured with an FTIR spectrophotometer (Spectrum RXI Perkin-Elmer instruments) using KBr pellets. The mass spectra were obtained on a Varian MAT CH-6 instrument (EI MS, 70 eV). Elementar Analysensysteme LECO CHNS-900 was used for elemental analyses.
Compound 3a "2-Ferrocenylbenzothiazole" Figure S1 . 1H NMR (300 MHz, CDCl3, TMS) spectrum of compound 3a.
Compound 3b "2-(p-Methoxyphenyl)benzothiazole " 
